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(54) BELLOWS TYPE PRESSURE RESPONDING VALVE 

(57) A bellows type pressure responding valve hav- 
ing a sealed bellows (66) as a pressure sensing ele- 
ment and adapted to change a valve opening by 
transmitting the expansion/contraction of the bellows 
(66) to a valve disc (61) via a valve stem (65) supported 
by a valve housing (51) movabiy in a valve lift direction, 
wherein a spherical joint structure consisting of a ball 
(77) disposed cbaxially with the valve stem (65) and a 
spherical recess (78) formed at the bellows center posi- 
tion of a closing end face (67a) at the bellows body (67) 
of the bellows (66) is assembled into a connection 
between the beljows (66) and the stem (65) to spheri- 
cally connect the bellows (66) with the stem (65) by the 
spherical joint structure, thereby d elivering an automatic 
centripetal action between the bellows and the stem to 
provide high -accuracy valve control characteristics. 
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Description 
Technical Field 

[0001] The present invention relates to a bellows- 
type pressure responsive valve, and more particularly to 
the bellows-type pressure responsive valve for use as a 
displacement control valve which is provided in a varia- 
ble displacement compressor. 

Background of the Invention 

[0002] Use of the bellows-type pressure responsive 
valve as a displacement control valve to be provided in 
a variable displacement compressor is disclosed in Jap- 
anese Publication No. 58-158382 of an unexamined 
Patent Appli cation and Japanese . Publication ■„ No: 5- 
52908 of an unexamined Utility Model Application. 
[0003] The bellows-type pressure responsive valve 
comprises a bellows of a closed structure as a pressure 
sensing element, and is so constructed that expansions 
and contractions of the bellows are transmitted to a 
valve body by way of a valve rod which is supported on 
a valve housing so as to move in a valve lifting direction, 
to vary an opening amount of the valve. The bellows- 
type pressure responsive valve has such advantages as 
it is more compact and can take longer pressure 
responsive stroke than the diaphragm-type pressure 
responsive valve. 

[0004] However, the bellows is generally difficult to 
be mounted in a straight line for structural and manufac- 
turing reasons. In case where the bellows is weaving in 
the valve lifting direction, a lateral force is generated 
when expansions and contractions of the beliows take 
place in the valve lifting direction and transmitted to the 
valve rod, which incurs an increase of hysteresis, etc. in 
valve motions, resulting in a poor controlling perform- 
ance and deterioration of accuracy of the valve motions. 
[0005] In the above described Japanese Publica- 
tion No. 5-52908 qf the unexamined Utility Model Appli- 
cation, there is proposed an art that an end of the 
bellows and the valve rod are connected in a laterally 
slidable relation so as to absorb an. axial displacement 
between axes of the bellows and the valve body by their 
mutual lateral slide, in this art, even though an axis of 
the bellows is offset from a center of a valve seat, an 
axis of the valve body is brought in alignment with the 
center of the valve seat. 

[0006] However, in this art, only the offset of the 
axes in a lateral direction between the end of the bel- 
lows and the valve body can be compensated. When 
the bellows is weaving or inclined, the end of the bel- 
lows and the valve body come in an unsymmetrical 
abutment to cause unstable valve motions. Accordingly, 
the hysteresis in the valve motions cannot be refrained 
from increasing, but rather increases by loose motion of 
the end of the bellows in the laterally sliding portions. 



Disclosure of the Invention 

[0007] This invention has been made in order to 
solve the above described problems, and an object of 

5 the invention is to provide a bellows-type pressure 

responsive valve which' has a least hysteresis in valve 

motions and high accuracy, even in case where the bel- 
lows is weaving, inclined, or defective in its straightness. 
[0008] In order to achieve the above described 

10 object, there is provided, according to an invention of 
claim 1, a bellows-type pressure responsive valve com- 
prising a bellows of a closed structure as. a . pressure 
sensing element adapted to vary an opening amount of 
the valve by transmitting expansions and contractions of 

is the bellows to a valve body by -means of a valve rod 
which is supported on a valve housing so as to move in 
a valve .lifting direction, -characterized . in .that a first 
spherical coupling structure is incorporated at a con- 
necting portion of the bellows and the valve rod, 

20 whereby the bellows and the valve rod are spherically 
connected by means of the first spherical coupling 
structure. 

Brief Description of the Drawings 

25 ■., . ■ 

[0009] 

Fig. 1 is a sectional view of a variable displacement 
compressor of a swash plate type in which a bel- 
30 lows-type pressure responsive valve is incorpo- 
rated as a displacement control valve showing an 
example of application of the bellows-type pressure 
responsive valve according to the present inven- 
tion; and 

35 Fig. 2 is a cross sectional view of one embodiment 
of the bellows-type pressure responsive valve 
according to the present invention. 

Best Mode for Carrying out the Invention 

40 

[O010] Now, referring to the attached drawings, an 
embodiment of this invention will be described in detail. 
[0011] Fig. 1 shows a variable displacement com- 
pressor of a swash plate type in which a bellows-type 
45 pressure responsive valve is incorporated as a dis- 
placement control valve as an example of application of 
the bellows-type pressure responsive valve according 
to the invention. 

[0012] The variable displacement compressor 1 of 
50 a swash plate type has a crank chamber 3 defined by a 
compressor housing 2, and a plurality of cylinder bores 
4 which communicate with the crank chamber 3 at their 
respective stroke end portions. In each of the cylinder 
bores 4 is engaged a piston 5 axially slidably. A piston 
55 rod 6 is connected at its one end to the piston 5 at a side 
of the crank chamber 3. 

[0013] The compressor housing 2 rotatably sup- 
ports a driving shaft 7 which is connected to an engine 
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(not shown) by means of a driving bell (not shown) 
wound around, a pulley 8= so as to be driven by the 
engine. 

[0014]- To the driving shaft 7 is connected a wobble , 
plate (a swash plate) 9 by means of a known, (inking 5 
mechanism ;at. variable fitting angles so that; a torque 
can be transmitted.. The piston rod 6 is. engaged with a 
face of the wobble plate 9 at a side of .the. cylinder .bore 
4 so that an axial force can be transmitted. ... 
[0015] , In the swash plate type variable displace- w 
ment compressor 1 , the wobble plate 9 is rotated by the 
driving shaft 7 in a slanted state, and the piston 5 in 
each of the cylinder bores 4 moves to and Jro with a 
stroke according .to an inclined angle of the wobble plate 
9. Inclination of. the angle ,is automatically adjusted in is 
proportion to a differential pressure between a pressure . 
Pc in the crank chamber. 3 and a suction pressure ps 
(suction pressure of .the compressor) in the cylinder 
bore 4. 

[0016] In this case, . the compressor 1 reduces its. .,20 
displacement according tq.a decrease of strokes of the 
piston .5 as the v inciinatipn of . the wobble ..plate. 9_ 
decreases with a rise of the pressure Pc in the crank 
chamber 3. To the. contrary, the displacement increases . 
according to an increase of the strokes of the piston 5, 25 
as the inclination of the wobble.plate 9 increases with a 
release of the. pressure, . Pc in the crank chamber .3. 
When the crank chamber pressure Pc becomes sub- 
stantially, equal to The suction pressure. Ps. the com-- 
pressor is put in a full load operation condition. ........... .30 

[0017J The crank chamber pressure Pc is deter- 
mined by an.introduced amount of a discharge pressure 
Pd by. means.of a displacement control valve hereinafter 
described,. an amount of a blow, by gas at a : compress ■ 
sion; stroke; and a throttled amount by means of an ori- 35 
fice MI provided in. a; release i passage 10 vyhich.is 
connected to an -area pf the suction pressure F?s. , . 
[001 8] Each of the cylinder bores .4 in the compres- 
sor housing: 2 has a suction port 14 and a discharge 
port 15 respectively provided. with a suction valve 12 40 
and a discharge valve 1 3 which are one way valves. The 
suction port 14 is connected to a suction connecting 
port 17 through a suction passage. 16, while the dis- 
charge port 15 is connected to a discharge connecting 
port 1 9 through a discharge passage 18. A circulating. • . 45 
pipe line for freezing cycle including an evaporator 20, 
an expansion valve 21 and a condenser 22 is connected 
to the suction connecting port .17 and the. discharge , 
connecting port 19. •-. 

[001 9] There is formed, in the compressor housing 50 
2, a bore 23. : into which, the bellows-type pressure 
responsive valve 50 as the displacement control .valve is 
adapted to be inserted and fixed. 
[0020] Referring now to : Fig. 2, the bellows-type 
pressure responsive valve 50 will be described. Fig. 2 55 
shows a fully opened state. 

[0021] The bellows-type pressure responsive valve 
50 has a valve housing 51, an end cap 52 attached to 



one end of the valve housing 51, and a bellows case 53 
caulked to the other end of the valve housing 51 . 
[0022]. Anassembly of the valve housing 51 and the 
end cap:52 includes a valve chamber 54, a valve port 56 
defined by a valve seat 55, a first port 57forrned at one 
side of tfoe valve port 56, a second port 58 formed at. the 
other side of the valve port 56 interposing the valve 
chamber. 54,_and a valve r?d. holding bore 59. A f ilter 60 
for the.secbnd port. 58 is attached to the end cap 52:. 
[0023] . Inside the . valve chamber 54,' is provided a 
ball valve (a valve body) 6.1. Motion of the ball valve 61 
in a . vertical direction in Fig. 2 (a valve lifting direction) 
vary a distance between the ball valve 61 and the valve 
seat 55 and determine the opening degree of the yajve. 
[0024] Between a ball receiving member 62 and a 
spring receiving seat 63 in the valve chamber 54 u is pro- 
vided a helical compression spring 64 which usually 
biases the ball valve 6,1. in a vajve opening direction! 
[0025] .The valve rod holding bore .59 is formed in a 
valve housing 5 i" below the ball valve 61 in an opposite 
side to the helical compression spring 64 concentrically 
with the valve seat 55. A valve rod 65 in a shape of a 
round rod is. inserted. in the yalve rod holding bore 59 so., 
as to move in the valve lifting direction, that is, an axial 
direction of the valve rod holding bore 59. The valve rod 
65 is abutted against the ball vaive 61 at its one end to 
force the ball valve 61 to open against a spring force of 
the helical compression spring. 64. 
[0026] Bellows 66 of a closed structure is disposed 
in the bellows case 53 The bellows 66 is under vacuum 
inside and consists of a bellows body 67, and end plates 
68 : 69 closing open ends of the bellows body 67 
[0027] Inside the bellows body 67, a helical com- 
pression spring 76 is provided between the end plates 
-68 : 69 so as to bias the bellows 6>6 in an expanding 
direction The end plate 69 in the bellows body 67 is 
provided with a strap member 71 for receiving one end 
of the helical compression spring 70'. whil e trie end plate . 
68 is forrned with a stopper face 68a projecting toward 
the end plate .69, the maximum contraction amount of 
the bellows 66 is defined by an abutment of a stopper 
face 71a of the strap member 71 against the stopper 
face 68a of the end plate 68 

[0028] A port. 72 is formed in the bellows case 53. 
The bellows 66 is. so adapted to expand and contract in 
response to a differential pressure between a pressure 
introduced into the bellows case 53 through the port 72 
and an internal pressure of the bellows.' 
[0029] An adjusting screw 73 is screwed into the 
bellows case 53. The adjusting screw 73 holds one end 
of the bellows 66 by means of a second spherical cou- 
pling structure consisting of a ball 74 disposed at an 
axial center of the adjusting screw 73 and a spherical 
recess 75 formed at an axial center of the end plate 68 
(a center of the bellows). In other words, the bellows 66 
and the valve housing 51. are spherically connected by 
means of the second spherical coupling structure 
through the adjusting screw 73 and the bellows case 53. 
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[0030] The bellows 66 is biased toward the second 
spherical coupling structure by means of a helical com- 
pression spring 76 interposed between the valve hous- 
ing 51 and a closed end lace 67a (an end portion of the 
bellows in the claims) of the bellows body 67, thereby to 
keep a spherical contact between the ball 74" and the 
spherical recess 75. 

[0031] In a connecting portion between the bellows 
66 and the valve rod 65 at a side of the closed end face 
67a, is incorporated a first spherical coupling structure 
consisting of a balj 77 which is inserted into the valve 
rod holding bore 59 so as to rotate coaxially with the 
valve rod 65, and a spherical recess 78 which is lormed 
In the center of the dosed end face 67a of the bellows 
body 67. The bellows 66 and the valve rod 65 are thus 
spherically connected by means of the first spherical 
coupling structure. 

[0032] The expansions and contractions of the beN 
lows .66 are transmitted to the valve rod 65 and the bail 
valve 61 by means of the first spherical coupling struc- 
ture consisting of the ball 77 and the spherical recess 
78. 

[0033] In a state where the bellows-type pressure 
responsive valve 50 having trie above described str uc- 
ture is incorporated in the swash plate type variable dis- 
placement compressor 1 as shown in Fig. 1, the first 
port 57 communicates with the crank chamber 3 
through the passage 24 in the compressor housing 2. 
and the second port 58 communicates with the dis- 
charge port 15 through the passage 25 in the compres- 
sor housing 2. The suction pressure Ps is introduced to 
the port 72 through a passage 26 in the compressor 
housing 2. The valve operates in response to the differ- 
ential pressure between the suction pressure Ps and 
the internal pressure of the bellows thereby to adjust the 
degree of communication between the discharge port 
1 5 and the crank chamber 3. 

[0034] . Accordingly, in the bellows-type pressure 
resporisive valve 50 incorporated in the swash plate 
type variable . displacement compressor 1 , when a 
spring force of the helical compression spring 70 In the 
bellows body 67 overwhelms the suction pressure Ps 
introduced through the passage 26 in the compressor 
housing 2, the ball 77 is pushed toward the end cap 52 
by means of the end plate 69 of the expanded bellows 
66 - 

[0035} Then, the valve rod 65 pushed by this ball 77 
pushes the ball valve 61 toward the end cap 52 against 
a spring force of the helical compression spring 64 to 
move the valve 61 apart from the valve port 56, thereby 
allowing the bellows-type pressure responsive valve 50 
to be opened. 

[0036] With such the first spherical coupling struc- 
ture as described above, the center of the closed end 
face 67a is automatically centripetalized with the axis of 
the valve rod 65 by means of the spherical coupling 
between the bellows 66 and the valve rod 65 including 
the ball 77 and the spherical recess 78. Therefore, even 



though the bellows 66 is weaving or inclined, the 
unsymmetrical abutment between the bellows 66 and 
the valve rod 65 can be avoided. 
[0037] Further, when lateral forces occur due to the 
" 5 weaving of the bellows 66, the forces in directions inter- 
secting the valve lifting direction, that is, other directions 
than the valve lifting direction will be absorbed by the 
spherical movement of the first spherical coupling struc- 
ture including the ball 77 and the spherical recess 78. 
w Thus, the lateral forces will not be exerted on the valve 
rod 65. 

[0038] Particularly because the ball 77 is rotatable, 
at the spherical movement of the above described first 
spherical coupling structure by the forces in the other 
is directions than the valve lifting direction due to the cen- 
tripetal motions of the bellows 66 and The valve rod 65 
and the weaving of the bellows 66, the ball 77 will rotate 
to reliably effect the' spherical movement with less 
resistance. 

20 [0039] ' From the above described structure, even in 
case where the bellows 66 is weaving, inclined or some- 
what poor in its straightness, the forces in the other 
directions than the valve lifting direction will not be 
transmitted to the valve rod 65. Thus, the hysteresis in 

25 the valve motions will be minimized, and a high control- 
ling accuracy'can be obtained. 

[0040] f Further, use of the ball 77 which is widely 
employed and advantageous in price, precision, size, 
etc.. the bellows-type pressure responsive valve of high 

30 precision can be obtained at a low cost. 

[0041] Moreover, the bellows 66 and the adjusting 
screw 73 are spherically connected by means of the 
second spherical coupling structure including the ball 
74 and the spherical recess 75. Therefore, even though 

35 the bellows 66 is inclined at the connected portion with 
the adjusting screw 73 in the valve housing 51, no irreg- 
ular force will be applied to the connected portion. This 
will not hinder but rather expedite the centripetal action 
of the first spherical coupling structure including the ball 

40 77 and the spherical recess 78, and at the same time, 
increase durability of the bellows 66. 

Industrial Applicability 

45 [0042] As apparent from the foregoing description 
of the embodiment, with the bellows-type pressure 
responsive valve according to the invention, the centrip- 
etal motions of the bellows and the valve rod 65 are 
automatically effected by means of the spherical cou- 

50 pling between the bellows and the valve rod. Therefore, 
even though the bellows is weaving or inclined, the 
unsymmetricar abutment between 3 the bellows and the 
valve rod can be avoided. Further, the forces based on 
the weaving of the bellows in directions intersecting the 

55 valve lifting direction, that is, other directions than the 
valve lifting direction will be absorbed by the spherical 
movement of the first spherical coupling structure. 
Thus, the lorces in the other directions than the valve 
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lifting direction will not be transmitted to the valve rod, 
the hysteresis in the valve motions will be minimized, 
and a high controlling accuracy can be obtained. 
[0043] Further, according to the bellows-type pres- 
sure responsive valve of the invention, by constructing 
the first spherical coupling structure so as to include the 
ball coaxialJy arranged with the valve rod and the spher- 
ical recess formed at the end portion of the bellows at 
the central position thereof, at the spherical movement 
of the first spherical coupling structure by the forces in 
the other directions than the valve lifting direction due to 
the spherical movement of the first spherical coupling 
structure for centripetal motions of the bellows and the 
valve-rod or the weaving of the bellows, the ball rotates 
to reliably effect the spherical movements iwith less 
resistance. The forces in the other directions than the 
valve lifting direction will not be transmitted td the valve 
rod. Thus, the hysteresis in the valve motions will be 
minimized, and a high controlling accuracy can be 
obtained. 

[0044] Still further, according to .the'. bellows-type 
pressure responsive valve of the invention; "there is 
incorporated a second, spherical coupling 'structure at 
the connecting portion .of the be! lows: , and lithe.', valve; 
housing at the opposite side to the connecting portion of \ 
the bellows and the valve-rod. whereby the bellows and \ 
the housing are spherically connected by .means of the 
second spherical coupling structure. In this manner, the 
bellows and the housing are spherically, connected by 
the -second spherical; coupling structure, and even 
though the bellows is inclined at the connected portion 
withMhe housing, no irregular force will be applied to the 
connected portion,' ancl durability of the bellows can be 
assured. 



Claims 



1. 



2. 



A bellows-type pressure responsive valve compris- 
ing a bellows of closed structure as a pressure 
sensing element adapted, to vary an opening 
amount of said valve by transmitting expansions 
and contractions of said bellows to a valve body by 
means of a valve rod which is supported on a valve 
housing so as to move in a valve lifting direction, 
characterized in that a first spherical coupling struc- : 
ture is incorporated at a connecting portion of said 
bellows and said valve rod, whereby said bellows 
and said valve rod are spherically connected by 
means of said first spherical coupling structure. 

The bellows-type pressure responsive valve 
according to claim 1 , characterized in that said first 
spherical coupling structure is composed of a ball 
which is rotatably disposed coaxially with said valve 
rod, and a spherical recess which is formed at an 
end portion of said bellows at a central position 
thereof. 
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The bellows-type pressure responsive valve 
according to claim 1 or 2, characterized in that it fur- 
ther comprises a second spherical coupling struc- 
ture incorporated at a connecting portion of said 
bellows and said valve housing at an opposite side 
to said connecting portion of said bellows and said 
valve rod interposing said bellows, whereby said 
bellows and said housing are spherically connected 
by means of said second spherical coupling struc- 
ture. 
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